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ABSTRACT 


Coincidence rates have been measured for ineiastically scattered 
electrons and their associated bremsstrahlung for bombarding energies of 
0.20 and 0.15 MeV. Measurements wpre made for an electron angle of 45 deg 
and a photon angle of 20 deg. Inelastic electron energies of 0.15 and 0;16 
MeV were considered for an incident energy of 0.2 MeV and an inelastic elec 
tron energy of 0.12 MeV was considered for an incident energy of 0.15 MeV. 
To observe the trend with atomic number, A1 and Au targets were used. The 
experimental cross sections differential in photon and electron angles and 
energy were found to be smaller than the predictions of the Bethe-He i t ler 
theory. 


MEASUREMENTS OF ELECTRON-BREMSSTRAHLUNG COINCIDENCE 
RATES AT INTERMEDIATE ELECTRON ENERGIES 

INTRODUCTION 

The coincidence rates for the detection of i nel ast i cal 1y scattered 
electrons and the associated photons, or bremsst rah lung, have been measured for 
two bombarding energies, 0.20 and 0.15 MeV. Cross section values differential 
in photon angle, electron angle, and energy for A1 and Au targets have been 
calculated from the experimentally determined coincidence rates for a photon 
angle of 20 deg and an electron angle of 45 deg. 

The determination of inelastic electron-photon coincidence rates is 
the culmination of a series of measurements describing the interactions of 
electrons of intermediate energy with atomic scattering centers. Earlier 
experiments' " were completed leading to the determination of bremsstrahlung 
cross sections uncorrelated with the scattered electrons, electron elastic 
scattering cross sections, and electron inelastic scattering cross sections 
uncorrelated with photons for incident electron energies from 0.05 to 2.5 
MeV. Target materials representative of a wide range of atomic number, from 
Be (Z = 4) to Au (Z = 79), were used. 

In the early stages of the electron interactions program emphasis was 

placed on experimentally defining an extensive set of accurate bremsstrahlung 

cross section values. It was the early objective of the program to provide 

these for use in a multiple scattering, Monte Carlo computer program being 

developed at the National Bureau of Standards. The measured bremsstrahlung 

cross sections were incorporated in the multiple scattering program, and 
7 9 

comparisons ’ of calculated spectra from the Monte Carlo program with experi- 
mental thick target spectra verified the accuracy of the computational tech- 
nique. Subsequent work in which there was more detailed inputting of the 
experimental cross section values to the computer code indicated that even for 
high-Z materials at low bombarding energy agreement was observed between the 
experimental .and calculated spectra. 

The next phase of the electron interaction studies has been the measure 
ment of electron inelastic scattering cross sections and electron-bremsstrahlung 
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coincidence rates. The objective of these measurements is to provide data for 
comparison to theoretical cross section values which appeared to be forthcoming 
from the work of Brysk, Zerby, and Penny. ^ Recent comparisons^*^ of brems- 
strahlung cross section values from their work with experimental values, how- 
ever, revealed deficiencies in the theoretical effort which are most likely 
due to the complexity of the computer program written to evaluate the formulas. 
It is clearly difficult to evaluate cross sections accurately by use of the 
existing Zerby-Brysk-Penny Code at bombarding energies above 200 keV. It has 
been found that even below 200 keV inadequacies in the calculations exist for 
some photon energy regions for low-Z targets. Nevertheless limited experi- 
mental values of the inelastic electron scattering cross sections and the 
electron-bremsstrahl ung doubly differential cross section have been obtained 
for comparison to theoretical values beyond the Born-approximation when they 
are computed. 

The coincidence measurements from which five cross section values have 
been reduced are described in this report. No previous study has been found 
in which measurements of absolute inelastic electron-bremsstrahl ung coincidence 
yields are reported. Targets of A1 and Au were used in the measurements to 
observe the effect of atomic number on the cross section values. The choice 
of electron scattering angle and photon angle was limited, however.. The 
angular correlation curves from the Born-approximation theory, which is 
believed to predict the position of the maximum yield accurately, if not the 
magnitude of the cross sections, indicates that the highest coincidence rate 
for a fixed electron angle other than zero occurs for a photon angle in the 
scattering plane on the same side of zero (at smaller angle) as the electron 
angle. With the rather large detection apparatus employed in the experiment, 
a magnetic analyzer and a low temperature Ge(Li) photon spectrometer, it was 
not possible to make the measurement for an electron scattering angle less 
than about 45 deg. For an electron angle of 45 deg the predicted maximum in 
the angular correlation curve occurs at a photon angle of 20 deg. A consider- 
able effort was made initially to ensure that the results of independent 
measurements in the electron and the photon channels in the coincidence 
geometry were consistent with the corresponding measurements in what was con- 
sidered to be the best geometries for the individual measurements. 
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The measurement of the inelastical ly scattered electron spectra for 
a bombarding energy of 0.2 MeV (in which all interactions leading to inelastic 
events were observed) indicated that the yield in the energy region of the 
coincidence measurement exceeded the Bethe-Hei tier estimate. However the 
broadening of the electron-electron line and its shape on the high energy 
side led to the conclusion that a large contribution to the inelastic yield at 
higher energies must arise from electron-electron scattering. The presently 
reported measurements confirm this conclusion, since the coincidence tech- 
nique eliminates all inelastic events except the radiative events and yields 
less than the Bethe-Hei t ler predictions were obtained. 
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EXPERIMENTAL METHOD 


A diagram of the experimental geometry is shown in Fig. 1. A mono- 
energetic electron beam was provided by the Cockcrof t-Wal ton electron accelera- 
tor. The beam was steered to a cylindrical scattering chamber and focussed 
at the center (target position) so that the spot size, as observed on a ZnS 
fluorescent screen, was about 1 mm in diameter. The focal length of the 
electro-static lens used to focus the parallel beam emerging from the accelera- 
tor was long enough that negligible error resulted from the finite electron 
convergence angle. A magnetic analyzer was positioned at the scattering angle 
of 45 deg. High resolution detection of the electrons accepted by the magnetic 
analyzer was actually achieved by use of a Si electron spectrometer at the 
focal position of the analyzer. Provision was made to cool the detector to 
improve its resolution if necessary. However for the measurements reported, 
the resolution of 12-16 keV normally obtainable with the spectrometer at room 
temperature was adequate. The photon spectrometer consisted of a planar-type 
Ge(Li) crystal detector and pre-amplifier system mounted on a cold-finger. 

The Ge crystal and first stage of the pre-amplifier were operated at liquid 
nitrogen temperature with a resolution of about 1 keV. A Ge (Li) spectrometer 
of this type is sensitive to x rays down to a few keV and has an efficiency 
of almost 100% in the photon energy region of interest here, i.e. 25 to 55 keV. 

The function of the magnetic analyzer shown in Fig. 1 was to remove 
the very intense yield of elastically scattered electrons, which would other- 
wise saturate the detector at reasonable beam currents. By removing the 
elastic electrons it was possible to detect the inelastic electron group 
potentially in coincidence with the bremsstrahl ung spectrum almost free from 
background interference. This is illustrated by the electron spectra shown 
in Figs. 2-3* In Fig. 2 spectra of magnetically analyzed electrons are plotted 
for magnetic field intensities corresponding to 0.16 and 0.15 MeV. A bombard- 
ing energy of 0.2 MeV was used for an A1 target. Prominent, well resolved 
inelastic electron lines at 0.16 and 0.15 MeV were obtained. A line in each 
case at the incident energy of 0.2 MeV from the elastic scattering is also 
seen because of the finite resolving power of the magnet. However the inten- 
sities of the elastic peaks were reduced by several orders of magnitude. In 
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Fig. 1 Diagram of experimental geometry for coincidence rate measurements. 
The scattered electron beam was magnetically analyzed and detected 
by a high resolution spectrometer. A scattering angle of kS deg 
was used. Target bremsstrahlung emitted at 20 deg was detected by 
a Ge (Li) spectrometer. 
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Fig. 3 



ELECTRON ENERGY (keV) 


Spectrum of electrons measured by the electron spectrometer for a 
magnetic analyzer setting corresponding to 0.12 MeV and for a 
bombarding energy of 0.15 MeV. 





the coincidence counting mode a pulse height window corresponding to an electron 
energy increment was electronically set as indicated by the vertical arrows in 
the figure. Thereby the pulses from all regions of the spectra except those 
which were possible components of coincidence events, as determined by the 
kinematics of the interaction, were eliminated. Without deflection of the very 
intense elastic line from the exposed Si (Li) detector, the inelastic electron 
group of interest would have been submerged in the tail of the detector re- 
sponse to the elastics. At an incident energy of 0.2 MeV the inelastic elec- 
tron yield in the electron energy region from 120-180 keV is approximately an 
order of magnitude less than that due to the response to the elastic line in 
the same region. 

The spectrum of Fig. 3 is for a bombarding energy of 0.15 MeV. The 
magnetic analyzer was set to accept scattered electrons of 0.12 MeV. Somewhat 
higher energy resolution was used for the 0.15"MeV experiment, because the 
separation of the two lines as shown in the figure was only 30 keV. The im- 
provement in energy resolution was achieved by using different time constants 
in the main amplifier of the electron channel. Some degradation of the time 
resolution resulted, but the increase in coincidence yield for the experiment 
at 0.15 MeV more than offset the increase in the accidental coincidence rate 
from poorer time resolution. 

The port in the chamber wall through which photons were detected after 
collimation was vacuum sealed by a 10-mil thick A1 window. This window, 
together with the vacuum window of the Ge spectrometer, was adequate to pre- 
vent scattered electrons of energies up to 0.2 MeV from reaching the Ge crystal. 
Attenuation of the photon flux in the A1 window material was determined experi- 
mentally by interposing an additional 10-mil thickness of A1 between the chamber 
and the spectrometer. Measurements of a continuous thick target bremsstrahlung 
spectrum were made with and without the additional material in place to obtain 
a correction curve as a function of photon energy. A 25% correction was neces- 
sary at a photon energy of 25 keV, the lowest energy considered in the coin- 
cidence measurements. 

Background in the photon channel resulting from stopping the electron 
beam in the Faraday cage immediately adjacent to the Ge spectrometer was effec- 
tively eliminated by shielding the detector crystal. Photon spectra measured 
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in the coincidence geometry are shown in Figs. 4-5 for both A1 and Au targets. 
Also shown, as solid circles, are the spectra obtained in a good geometry 
experiment for which it was possible to remove the background accurately. 

The energy increments corresponding to the inelastic electron lines of Fig. 2 
are indicated in the figures. In the photon energy increments considered in 
the coincidence measurements a residual background yield of about 10-15% is 
apparent. A background of this magnitude had an insignificant effect on the 
accidental coincidence rate. A comparison of measurements with the spectrom- 
eter viewing the target and with the target blanked out by a Pb cylinder were 
also made to verify that only 15% of the total counts detected were due to 
background sources. Significant attenuation in the chamber window is seen 
in Figs. 4-5 at energies below 30 keV, where the singles spectra cross the 
experimental curves from the good geometry measurements. 

The target foils used in the experiment were fabricated by standard 
vacuum evaporation techniques. Aluminum targets were made by evaporation onto 
a water soluble substrate and were subsequently floated off as self-supporting 

target foils. Target thicknesses for the case of A1 were typically in the 

2 

range from 20-50 pg/cm . It was not possible to make self-supporting targets 

of Au of the thicknesses required for the present measurements. Instead Au 

2 2 
was evaporated onto 20-pg/cm VYNS backings. Typically 50-70 pg/cm of Au 

were used. 

The coincidence technique used in the measurements provided multichannel 
pulse height analysis of the photon spectrum when selected conditions of time 
coincidence and energy span were met in the two channels. Single channel 
analyzers following the amplifier units in both channels placed energy limits 
on the radiations processed by the following stages of the coincidence system. 
The limits in the electron channel coincided with the windows shown in Figs. 

2-3- Slightly wider limits were used in the photon channel than the 10-keV 
increments shown in Figs. 4-5, since the actual effective window considered 
was determined after pulse height analysis of events satisfying the time 
requirements.' The use of slightly wider limits was desirable because of the 
uncertainties in the energy calibrations and the possibility of electronic 
instability during data accumulation periods, which often were up to ten hours 
in duration. 


- 9 “ 



do/dfidK (10‘“ cm /sr MeV) 


6.0 



Fig. k Bremsstrahlung spectrum measured for A1 in the coincidence geometry 
compared with spectrum measured in an ideal geometry with background 
removed. 
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PHOTON ENERGY (keV) 

Fig. 5 Bremsstrahlung spectrum measured for Au in the coincidence geometry 
compared with spectrum measured in an ideal geometry with background 
removed. 
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Pulse-shaping of pulses from the pre-amplifiers was accomplished by 
the use of amplifiers with either RC pulse shaping networks (with selectable 
time constants) or delay line pulse differentiation. For the best possible 
timing of detected events with amplified pulses, double differentiated, bipolar 
pulses were used. The bipolar output pulses were processed by single channel 
analyzers. If the energy requirements were satisfied, output logic pulses 
were generated at the time of baseline crossover of the bipolar pulses. A 
variable delay of 0-100 usee was provided in each channel between the genera- 
tion of the logic pulses and the processing of the pulses by a fast coinci- 
dence system. The output logic pulses from the two single channel analyzers 
then were examined for time coincidence by the fast coincidence system. 

The fast coincidence system provided for variable time resolution 
ranging from 10-110 nanosec. Selection of the resolving time actually used 
in the experiment was made after measurements of the inherent time spread 
of the two channels. These measurements also allowed the variable time delays 
in the channels preceding the time analysis to be adjusted so that true coin- 
cidence events would fall within the range of the coincidence network. Simul- 

203 

taneous radiations from a Hg source provided a high coincidence rate so 
that adjustments could be made in a relatively short period. Internal con- 
version electrons from the K shell of radioactive atoms were detected in 
coincidence with the f 1 uorescence K x rays. The K-shell electron energy for 
the Hg transition energy of 279 keV is 19** keV and the prominent K x ray 
lines have energies of 71 and 73 keV. The energy differences of the radia- 
tions from the source and those observed in the case of the accelerator-produced 
radiations resulted in less than a 5 _ nanosec shift in the time correlation 
between the channels. This shift arose primarily from the differences in the 
penetration depths of the electrons in the detector materials, with a resulting 
variation in the charge collection times of the detector ionization which 
produces the output pulses. By use of a time to pulse height converter in place 
of the fast coincidence system a time spectrum of the coincidence events from 
the source was obtained. An inherent time spread of 50 nanosec was observed. 

A time resolution of 80 nanosec, therefore, allowed essentially all the true 
coincidence events to be counted and was used in the experiment. A reduction 
in the time window could have been made to improve the signal to background 
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ratio if the accidental coincidence rate had proven to be significant relative 
to the true rate. 

The output logic pulse from the coincidence system, produced when 
input pulses were received within a time window of 80 nanosec, were routed 
to a linear gate. Unipolar analog pulses from the amplifier in the photon 
channel were also routed to the linear gate. Analog pulses were pulse height 
analyzed if the linear gate simultaneously received output pulses from the 
coincidence system. From the pulse height spectrum a bremsst rah 1 ung spectrum 
in coincidence with i nel as t i ca I ly scattered electrons was obtained. 
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DISCUSSION OF RESULTS 


Before the coincidence work could be done it was necessary to measure 
the bremsstrah 1 ung spectra for A1 and Au for an incident energy of 0.2 MeV. 

A previous measurement had been made with a Nal crystal scintillation detector, 
but the rapidly changing response of Nal in the low energy region due to the 
iodine escape peak made the accuracy of the measurement in the low photon 
energy region questionable. Furthermore, a re-measurement of the spectra 
with the Ge (Li) spectrometer with high resolution was desirable in itself.. 
Because of the importance of low energy data for comparison to theoretical 
values not only were A1 and Au targets used but also a Cu target, so that 
the Coulomb effect and screening could be systematically observed as a func- 
tion of atomic number. The results'' of these measurements were published 
and the results for A1 and Au are shown in Figs. 6-9- 

The total inelastic electron spectra at 0.2 MeV incident energy had 
been previously measured in the geometry used for the coincidence measure- 
ments. The inelastic electron spectra are shown in Figs. 10-11. The portion 
of the inelastic electron energy distributions considered in the coincidence 
work is the region at energies greater than the electron-electron line at 93 
keV. The contribution to the spectrum of electrons of energies greater than 
100 keV from electron-electron interactions, where primarily bremsstrah lung- 
scattered electrons are expected to be observed, can not be determined from 
the singles spectra alone. 

Two coincidence measurements were made for A1 and Au targets at a 
bombarding energy of 0.2 MeV to obtain a better understanding of the relative 
contributions of various interactions leading to inelastic scattering. Inelastic 
electrons of energies of 0.15 and 0.16 MeV (photon energies of 0.05 and 0.04 
MeV) were detected in coincidence with their associated bremsstrahlung. In 
addition, a single measurement on Au was made for an incident energy of 0.15 
MeV and an inelastic electron energy of 0.12 MeV. Since the cross sections 
for the events as singles had been accurately determined, good estimates of the 
optimum electron beam currents and solid angle factors were made by computing 
the expected coincidence yields from the Bethe-He i t ler theoretical values. 

At the same time it was possible to limit the accidental coincidence rates to 
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Fig. 9 Cross section spectra of bremsstrahiung for Au for photon emission 
angles of 30 and k5 deg. 
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Fig. 10 Cross section spectrum of i nelast i cal ly scattered electrons from 
a Au target. The plotted cross section values were computed from 
measurements by integrating over all photon angles. 
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ELECTRON ENERGY (keV) 

Fig. 1 1 Cross section spectrum of inelastical ly scattered electrons from 
an A1 target. The electron-electron line is relatively intense 
for the low-Z target material. 
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less than 10% of the true rates. The dependency of the coincidence rates on 
the experimental parameters are defined by several simple expressions. The 
accidental coincidence rate is given by the expression 


R 


AC 


2t 


N N 


x e 


(1) 


where 2 t is the time-resolution of the coincidence circuit, N is the rate of 

x 

x-ray detection, and is the rate of electron detection. The rate of elec- 
tron detection is further defined by the expression 


N = (do/dfidE) Afi AE N I /e (2) 

G 6 3 

where da/69, is the measured cross section, Aft g is the effective solid angle 
including the transmission factor of the magnetic analyzer, N is the number 
of target atoms per sq. cm., I is the incident electron beam current, and e 
is the electronic charge in appropriate units. A similar expression is valid 
for N x> The average rate of true coincidence events is given by the expression 

R t _ = (da/dft dn dE) Afi Aft aE - N (3) 

where the quantity in parentheses is the double differential cross section and 
AE is the smaller of the two energy increments in the individual channels. 

From equations (1) and (2) it is seen that the accidental coincidence rate is 
proportional to the square of the incident beam current and the square of the 
target thickness, while from equation (3) it is seen that the true coincidence 
rate is only proportional to these quantities. Furthermore both rates depend 
directly on the solid angle factors of the two channels. Thus the true coin- 
cidence rate can be made significantly greater than the accidental rate by 
increasing the solid angle increments while reducing the beam current and/or 
target thickness. This was done for the present measurements. An accidental 
rate of less than 10% was achieved as shown in Appendix I. 

The doubly differential cross sections for A1 and Au are given in 
Table I and are plotted in Figs. 12-13. The Born-approximation values are 
shown in the figures and are also given in the table for comparison to the 
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TABLE I. DOUBLY DIFFERENTIAL CROSS SECTION 
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Fig. 12 Cross sections differential in photon angle, electron angle, and 
energy for Au (top) and A1 for a bombarding energy of 0.2 HeV. 
Born-approximation values are shown for comparison. 
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Fig. 13 Cross section differential in photon angle, electron angle, and 

energy for Au for a bombarding energy of 0.15 MeV. A photon energy 
increment of 10 keV centered at 30 keV was used. 
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measured values. In Fig. 12 the measurements for an inelastic energy of 0.16 
MeV are plotted with solid circles and the measurements for 0.15 MeV, as open 
circles. An experimental error of 25% has been estimated for the experimental 
values. A total of one hundred coincidence counts were accumulated for each 
point, for which the statistical error is 10%. An uncertainty of about 5% is 
estimated for the target thickness determinations and about 7% for each of the 
solid angle factors. An uncertainty of 1-2% is estimated for the beam current 
measurements. 

For A1 the value of the cross section for an electron energy of 0.15 
MeV, with the limits of error considered, is just below the Bethe-Hei tier 
value, while the value for 0.16 is relatively lower. For Au at 0.2 MeV inci- 
dent energy both values are significantly below the Bethe-He i t 1 er values. 

The greater discrepancies in the case of the values for Au were expected, 
since the effect of screening for Au was found to be of the order of 30% 
in the singles measurement at 20 deg, as seen in Fig. 8. The Bethe-He i t ler 
values, on the other hand, are for an unscreened point charge in both cases. 

The measurement at 0.15 MeV bombarding energy was considered to be 
of importance, because as the incident energy is reduced, the angular distri- 
bution of events shifts to larger angles. Therefore the measurements at the 
electron angle of 45 deg at an incident energy of 0.15 MeV are more representa- 
tive of the total number of events. The measurement was made for Au because 
of the relatively weaker electron-electron line for the high-Z target. Although 
the effect of screening complicates the comparison to the unscreened theory, the 
screening correction is about the same at this energy as at the higher energy. 
The measured value of the cross section is somewhat greater in comparison to 
the Bethe-Hei tier values, but it is consistent with the comparisons at 0.2 MeV 
inasmuch as the singles yields in both channels are also relatively greater. 

In conclusion, the measurements indicate that the electron-electron 
lines seen in the previously measured inelastic electron spectra influence the 
yield at higher energies. In addition, since the measured values of the doubly 
differential cross section are less than the values predicted by the Bethe- 
Heitler theory, the values at smaller angle must significantly exceed the 
approximate theory. It would be of interest to make an additional measurement 
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for a bombarding energy of 0.5 to 1.0 MeV with scintillation spectrometers 
so that a complete angular correlation curve with absolute yields could be 
obta i ned . 


- 26 - 



APPENDIX I 


To establish the initial values of experimental parameters such as 
the electron and photon solid angle increments, the energy increment, and the 
incident electron beam current for the coincidence measurements, equations 
( 1 - 3 ) were evaluated. Experimental cross section values were available which 
allowed accurate predictions of the expected detection rates in the separate 
channels. A somewhat higher detection rate was expected in the photon channel 
because of the inevitable presence of some background counts. To illustrate 
how these calculations were carried out and to confirm that the small contri- 
bution of the residual bremss t rah 1 ung background which was totally uncorrelated 
with electron events did not affect the accuracy of the experiment, the follow- 
ing comparison of computed accidental and true concidence rates is included. 

The actual rates in the single channels, from which the spectra illustrated in 
Figs. 5 and 10 were obtained, have been used. 

Typical values of the experimental parameters are given by the follow- 
ing equations: 


AEAft = 5 -80 (-6) sr MeV, (A- I ) 

e 

AEA« x = 1.80(-5) sr MeV, (A-2) 

I = 5 - 0 (-9) A^ 3-12(10) e/sec, (A~3) 

and N = 1.53(17) atoms/cm 2 => t = 50 ug/cm 2 . (A-^) 

a 


Values from Figs. 5 and 10 corresponding to cross section values for 
Z = 79 are 

do/dfidE x • 6 . 5 ( “22) cm 2 /sr MeV (A-5) 

and do/dftdE e = 8 . 1 0 (-22) cm 2 /sr MeV. (A-6) 
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If these quantities are combined according to Eq. (2), the detection 
rates in the individual channels are given by 



= 56 photons/sec 

(A-7) 

and 

N =22 electrons/sec. 
e 

(A-8) 


The accidental coincidence rate R^ given by Eq. 

( 1 ) is computed to 

be, 

for a time resolution of 50 nanosec, 



R^C = 6.30(~5) coincidences/sec. 

(A-9) 


On the other hand, by use of the doubly differential value measured 
for Z = 79 for a bombarding energy of 0.2 MeV and an inelastic energy of 0.15 
MeV, 


(1/Z 2 ) do/dfi dft dE - 6 . 5 (-27) cm 2 /sr 2 MeV (A- 10) 

e x 

a- true coincidence rate R^ is computed by Eq, 3 to be 

= 2.03(~3) coincidence/sec- (A- 1 1 ) 

The ratio of accidental to true rates is 0.03, or 1 %. A similar analysis for 
2 

a 70-pg/cm A1 target yields 

R ac = 1.02 (-5) (A- 12) 

and R tc = 8.20(-k ) . (A- 13) 

The ratio of accidental rate to true rate is 0.012, or 1.2% for this case. In 
actual runs small changes in the solid angle increment of the photon channel 
were combined with variations in the beam current to maintain a desirable ratio 


- 28 - 



of accidental to true coincidences, whi le adjusting the absolute rates to 
practical values. 

Since the doubly differential cross section value had not been obtained 
until the measurements were completed, the calculations were carried out with 
the value from the Bethe-Hei tier theory. 
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